The nanodes were fabricated in a two-step procedure. We sharpened 0.50-mm diameter Pt or Pt-Ir (70:30) wire electrochemically with an ac etching procedure, as described previously (13, 14 and (C), the fit to the open-circle data was unchanged for all electrodes with radii >50 A and was in excellent agreement with the Nernstian behavior (dashed line) generated by using the value of E°' obtained from voltammetric measurements at the largest nanode radii. In (A), the Nemstian voltammogram (dashed line) was determined by measurement of E°' using cyclic voltammetry, because kh, for Fe3+/2+ is so small that kinetic voltammograms were obtained even at the largest microelectrodes used in this work. The deviations observed from ideal Nernstian behavior allow determination of kh,-(10°C) and tip velocity (0.01 mm/s) were performed iteratively in order to obtain electrodes in a desired size regime. This twostep etching and coating process closely resembles standard procedures used to prepare glass-coated Pt electrodes 1 to 50 ,um in diameter for neurophysiology applications (15) , except that the refinements in procedure described above yielded electrodes with much smaller exposed metal areas. Iterative control of the relation between glass melt temperature and r readily enabled the fabrication of small apertures in high yield: -50% of the electrodes fabricated had radii of <0.10 ,um (see above), and approximately 10% (out of more than 200 electrodes fabricated in our laboratory) exhibited apparent electrochemical radii in the range from 10 to 100 A.
The nanodes were fabricated in a two-step procedure. We sharpened 0.50-mm diameter Pt or Pt-Ir (70:30) wire electrochemically with an ac etching procedure, as described previously (13, 14) . Etched wires were then translated at 0.10 mmns through a molten glass bead that was held in a resistively heated, circular Pt filament (inside diameter 2 mm). The size of the aperture in the resultant glass coating was related to the translation velocity and to the temperature of the molten glass: at a constant wiretranslation velocity, the effective aperture radius r increased with increasing insulator melt temperature (13, 14) . Temperatures in the range 12500 to 1370°C were maintained to prepare electrodes with radii of 10 A to 20 p,m. Precise control over the temperature and translation velocity was required in order to fabricate the smallest aperture structures; small adjustments in melt temperature and (C), the fit to the open-circle data was unchanged for all electrodes with radii >50 A and was in excellent agreement with the Nernstian behavior (dashed line) generated by using the value of E°' obtained from voltammetric measurements at the largest nanode radii. In (A), the Nemstian voltammogram (dashed line) was determined by measurement of E°' using cyclic voltammetry, because kh, for Fe3+/2+ is so small that kinetic voltammograms were obtained even at the largest microelectrodes used in this work. The deviations observed from ideal Nernstian behavior allow determination of kh,-(10°C) and tip velocity (0.01 mm/s) were performed iteratively in order to obtain electrodes in a desired size regime. This twostep etching and coating process closely resembles standard procedures used to prepare glass-coated Pt electrodes 1 to 50 ,um in diameter for neurophysiology applications (15) , except that the refinements in procedure described above yielded electrodes with much smaller exposed metal areas. Iterative control of the relation between glass melt temperature and r readily enabled the fabrication of small apertures in high yield: -50% of the electrodes fabricated had radii of <0.10 ,um (see above), and approximately 10% (out of more than 200 electrodes fabricated in our laboratory) exhibited apparent electrochemical radii in the range from 10 to 100 A.
Scanning electron microscope (SEM) images ofthe larger radii (.0.5 ,um) electrodes showed exposed metal apertures of dimensions that were in agreement with the electrochemically determined electrode radius (14) . In contrast, the smallest aperture nanodes appeared to be completely covered with glass even at the highest magnifications available with the SEM (x50,000). However, these structures were not totally insulating when used as electrodes, but exhibited conventional steady-state microelectrode behavior. The voltammetry of representative nanodes in several electrolytes containing redox active ions is shown in Fig. 1 . The mass-transport-controlled limiting current, (14) ], but this does not affect the primary conclusion that extremely small electrodes have been prepared by the etching-coating method.
Although the absolute magnitude of the current for these nanodes is small, the effective current densities are extremely large. The 70 A/cm2 current density calculated for the nanode in Fig. IC exceeds by two orders ofmagnitude the current densities accessible in this electrolyte with a rotating-disk electrode or with ac-potential modulation methods (18) , and corresponds to a mass-transport velocity mo(= D/rapp) of 100 cm/s. The large mo values generated by nanodes extends the range of maximum measurable electron-transfer rate constants (kh,t), because the rate of electron transfer is less likely to be limited by mass transport of the reactant to the electrode surface. Smaller electrodes are advantageous because the current density is inversely related to the electrode radius, implying that the maximum measurable value of khCt increases linearly with 1/r. Microelectrodes that display steady-state currents are also desirable because the extraction of kinetic information from steady-state voltammograms does not require correction for resistance and capacitance effects or the construction of extremely high speed (>megahertz) potentiostats (19) . Nanodes with rapp 10 A The complete steady-state voltammetry for a collection of different nanodes in contact with a variety of electrolytes is shown in Fig. 1 . As expected, when the apparent electrode radius was sufficiently large (r >> D/kh,), mass-transport-limited (that is, Nernstian) electrode behavior was observed, and the peak shape and position on the potential axis was independent offurther increases in electrode radius (dashed curves, Fig. 1 (30, 31) 90 (33) 430 (34) rate constants for such rapid redox couples. A quantitative assessment of the effects of finite ion size or a finite diffusion-layer thickness or both could also be addressed in principle with these nanodes, if an independent measure of the exposed electrode aperture can be obtained.
The khet values determined by application of these classical electrochemical kinetic equations are in good agreement with expectations based on electron-transfer theories. Marcus (27) has derived a relation between homogeneous self-exchange electron-transfer rate constants (kex) and heterogeneous rate constants:
where Zbi is the bimolecular collision fre- folding problem should not only provide the folded native conformation of a protein, but also information on the mechanism by which a protein attains the folded configuration (1) (2) (3) . Proteins do not fold by a random search (3). The observed folding times are on the order of seconds or minutes (1, 4) , and a random search of all configurations by a small protein of 100 residues would take at least 1050 years (3). Unfortunately, because of the size of proteins and the time scale of folding, simplified models must be used to make the folding algorithms practical. One such simplification is to use a lattice (5). We describe results on a new class of lattice models applied to the folding, from randomly generated, unfolded conformations, of a 99-residue Greek key p-barrel protein, apoplastocyanin (6) . The native structure is topologically similar to the nuclear magnetic resonance (NMR) solution structure of french bean Cu(I) plastocyanin (7) and the x-ray crystal structure of apopoplar plastocyanin (8) , and differs only in local detail because of the small side-chain representa- tion used in this preliminary study.
Lattice representations of proteins have a long history (5, 9) . Recently Dill and coworkers (10, 11) exhaustively searched the sequence and conformational space of compact polymers and found that compactness induces secondary structure. These studies are complementary to the present work, which allows the examination of longer and more realistic chains, and where foldingpathway information is also obtained. However, the more realistic approach precludes an exhaustive sequence and conformational search.
For highly simplified diamond lattice models, we addressed the requirements to uniquely obtain the native state for model a-helical (12) and p-sheet proteins (13, 14) and also examined their folding pathways (15, 16) . While a diamond lattice can perhaps provide general insights into the folding process, it poorly represents local secondary structures. Thus a different lattice must be used if proteins are to be treated in greater detail.
The new lattice model of globular proteins provides a good local description ofthe protein backbone conformation and yet remains computationally tractable. The entire space is embedded into an underlying cubic lattice where adjacent lattice sites are a dis-
